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DESCRIPTION 



■ FACILITY CONTROL MONITOR METHOD 
AND FACILITY CONTROL MONITOR APPARATUS 

TECHNICAL FIELD 
The present invention relates to a facility control monitoring 
method and a facility control monitoring apparatus for monitoring 
control of facilities that operate devices to be controlled, such 
as air conditioners. 

BACKGROUND ART 

Conventionally, for the purpose of automatically controlling, 
for example, an air conditioning facility (air conditioning system) , 
a designer specifies the basic requirements of the air conditioning 
system. Generally, such basic specifications do not include the 
control logic or parameters that are required for setting the 
operation level. An automatic control system supplier (company) 
assembles the control logic required for the actual operation level 
based on the basic specification to make a control flow (operation 
control procedure) . The control flow is executed by means of 
software stored in a control device (for example, a computer) or 
by means of a program stored in a programmable sequencer. Generally, 
with regard to setting parameters, such as a PID (Proportional 
Integral Differential) parameter, the automatic control system 
supplier set optimal parameters by repetitive trial and error to 
match the characteristics of a building at the time of completion 
and delivery of the facility. When the facility has been delivered, 
generally, an operation manager monitors the operating state of 



the air conditioning system using a central monitoring system. 

In a conventional control system for controlling devices to 
be controlled, such as an air conditioner, a refrigerator, a 
circulating pump or a generator, an automatically controlled 
operation is monitored through a central monitoring system. 
Meanwhile, for example, the quality of the automatic control of 
such an air conditioning system greatly influences the quality of 
the indoor environment and the energy consumption. Thus, automatic 
control of an air conditioning system requires precise monitoring 
of the operation, to enable rapid and easy tracing of errors and 
thereby enhance the operating efficiency of the system. 

However, according to conventional automatic control of air 
conditioning systems, the automatic control system supplier must 
assemble the control logic at. the operation level, and the control 
logic is executed as a program. In addition, setting parameters 
are also input directly into the read-only memory (ROM) of a control 
device in situ, so the control logic and the setting parameters 
become a "black box" for an operation manager or a designer of the 
basic requirements. For this reason, although the operational 
state of the air conditioning system is monitored through a central 
monitoring system, a cause of a trouble caused by the control logic 
could not be specified. In addition, even though the control flow 
may be displayed on a monitor of the central monitoring system, 
the control flow cannot be displayed in a time sequentials, so not 
only is it difficult to trace the control logic, but also it is 
impossible to confirm the propriety of the operation control. 

The present invention has been made in view of the above 
situation and, accordingly, it is an advantage of the present 
invention to provide a facility control monitoring method and a 



facility control monitoring apparatus capable of visually tracing 
the control logic and easily finding a cause of an operation trouble 
caused by the control logic. 

DISCLOSURE OF INVENTION 
In order to accomplish the above advantage, according to one 
aspect of the present invention, there is provided a facility 
control monitoring method for monitoring a control performed by 
a control device in a facility including a device to be controlled, 
the control device for controlling the operation of the device to 
be controlled, a setting device for transmitting a setting control 
value to the control device, and a sensor for transmitting an 
operational state measured value of the device to be controlled 
to the control device, the method comprising the steps of storing 
the control procedure performed by the control device, and 
specifying an arbitrary date and time, displaying predetermined 
steps of the control procedures after or before the specified date 
and time on a display device as a flowchart. 

According to the above facility control monitoring method the 
control procedure performed by the control device is stored, and 
the predetermined steps of the control procedure at the specified 
date and time are displayed as a flowchart. Accordingly, it is 
possible to visually trace the control logic. As a result, the 
control logics or setting parameters, which were previously 
regarded as a black box, can be recognized, and a cause of an 
operation trouble caused by the control logic can be easily found. 

Further, in a facility control monitoring method according to 
another aspect of the present invention, the flowcharts of multiple 
lines having differently specified dates and times is 



simultaneously displayed on one display screen of the display 
device . 

With this facility control monitoring method, the flowcharts 
of multiple lines having differently specified dates and times can 
be simultaneously displayed on one display screen of the display 
device. For example, in an air conditioning system, when the 
temperature of a certain room is too high, a flowchart representing 
the previous air conditioning control procedure, similar to the 
control logic of the abnormal operation, in which normal operation 
was performed, can be simultaneously displayed. Accordingly, it 
is possible to compare the operation control procedures and measured 
values with each other, so the suitability of the control logic 
and the setting control values (setting parameters) can be rapidly 
and easily determined. 

Further, in a facility control monitoring method according to 
another aspect of the present invention, with the flowchart, the 
setting control value and the measured value, which are obtained 
when the control was carried out according to the flowchart, are 
simultaneously displayed on one display screen of the display device 
as numerical values. 

With this facility control monitoring method, with the 
flowchart, the setting control value and the measured value, which 
are obtained when the control was carried out according to the 
flowchart, can be simultaneously displayed on one display screen 
of the display device as numerical values. That is, the operation 
control based on the flowchart can'be visually recognized, and at 
the same time, the numerical setting parameters or results can be 
quantitatively recognized so that it is possible to precisely and 
easily trace the operation control. 



Further, in a facility control monitoring method according to 
another aspect of the present invention, a transition of the setting 
control value and the measured value obtained during the control 
was carried out according to the flowchart is displayed on a display 
screen of the display device as a graph. 

In the above facility control monitoring method, when the 
operation control at a certain day and time is displayed using the 
flowchart, a transition of the setting parameter and the measured 
value at the time during the operation control was performed, can 
be displayed in the form of a graph, which may be, for example, 
a line graph, a bar graph, or a pie chart. As a result, it is possible 
to visually recognize the transition of the control value and the 
measured value involved in the operation control so that the 
suitability of the control logic can be rapidly and easily 
determined . 

Further, according to another aspect of the present invention, 
there is provided a facility control monitoring apparatus for 
monitoring the control performed by a control device in a facility 
including a device to be controlled, the control device for 
controlling the operation of the device to be controlled, a setting 
device for transmitting a setting control value to the control 
device, and a sensor for transmitting an operational state measured 
value of the device to be controlled to the control device, the 
apparatus comprising: a storage unit for storing the operation 
control values transmitted to the device to be controlled and 
another control equipment from the controldevice , and the setting 
control value and the measured value which were changed with the 
lapse of the transmission time of the operation control values; 
a display device and an input device; and control means for 



retrieving, based on a date and time input value which is input 
through the input device and which specifies an arbitrary date and 
time before input to the input device, the control operation value 
at the date and time corresponding to the specified date and time 
input value from the storage unit, and for making predetermined 
steps of the control operation value to be displayed on the. display 
device as a flowchart of the control procedure. 

According to the above facility control monitoring apparatus, 
the operation history of a device to be controlled is stored in 
the storage unit as the operation control value. Also, operation 
control value data (that is, an operation history) at a desired 
date and time can be extracted from the operation control value 
data stored in the storage unit by means of the control means. The 
control means allows the extracted data to be displayed on the 
display device in the form of a flowchart. As a result, it is 
possible to visually trace the control logic at any arbitrary point 
in time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view illustrating an example of a display screen 
displayed by a facility control monitoring method according to the 
present invention; 

Fig. 2 is an enlarged view of the flowchart shown in Fig. 1; 

Fig. 3 is a block diagram illustrating an example of a facility 
control monitoring apparatus for performing the facility control 
monitoring method according to the present invention; 

Fig. 4 is a view illustrating an example of a display screen 
displaying setting values of control parameters that constitutes 
a control logic; 



Fig. 5 is a view illustrating an example of a display screen 
displaying setting values of control parameters; and 

Fig. 6 is a view illustrating an example of a display screen 
displaying time sequential data. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Hereinafter, a preferred embodiment of a facility control 
monitoring method and a facility control monitoring apparatus 
according to the present invention will be described in detail with 
reference to Figs. 1 to 6. 

In the present embodiment, an air conditioning system 1 shown 
in Fig. 3 is described as the facility to be monitored. However, 
the facility control monitoring method and the facility control 
monitoring apparatus according to the present invention can be 
suitably applied to other facilities, for example, facilities for 
controlling devices to be controlled, such as a refrigerator, a 
circulating pump, or a generator. Hereinafter, in the present 
embodiment, a case in which the present invention is applied to 
an air conditioning facility will be described as an example. 

An air conditioning system 1, which is the facility to be 
monitored, includes an air conditioner (device to be controlled) 
5, a control device 7, a setting device 9, and a sensor 11, as main 
components. The air conditioner 5 also includes a blower, heating 
and cooling coils connected to a heating and cooling device, a 
variable air volume (VAV) unit, a humidifier, and the like, as 
additional components. The control device 7 is connected to the 
heating and cooling device, the variable air volume unit, and the 
humidifier with control signal lines, and is adapted to control 
the general operation of the air conditioner 5. 



The control device 7 may employ a control panel enabling input 
of commands for execution of the air conditioning operation control 
logic of by combination of a plurality of control relays, a timer 
and the like; or a programmable sequencer connected to components 
of the air conditioner 5 through interfaces for controlling the 
operation of the above components by executing a control flow based 
on a predetermined program; or a computer for controlling the 
operation of the above components by storing the control flow 
therein as software. 

The setting device 9 transmits a setting control value S, which 
is a setting parameter, to the control device 7.' Examples of the 
setting device 9 include a temperature switch (a thermostat) or 
a humidity switch (a humidistat) installed in a room. 

The sensor 11 transmits measured values K of temperature, 
humidity, or air volume to the control device 7. The sensor 11 also 
includes sensors installed in the air conditioner 5, a flow duct, 
or other air conditioning apparatuses (for example, a cooling 
tower, a cooling water circulating pump or the like) in addition 
to those installed in respective rooms to be air-conditioned. 

Upon receiving control values from the setting device 9 and 
the sensor 11, the control device 7 controls the operation of the 
air conditioning system 1 on the basis of the control logic stored 
in the control device 7 . 

The control device 7 is connected to an air conditioning control 
monitoring apparatus 3 through a signal line 13. The air 
conditioning control monitoring apparatus 3 includes a storage unit 
15, a display unit 17 of an output device, an input device 19 and 
a control means 21, as main components. The storage unit 15 stores 
operation control values D, which are transmitted to the air 
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conditioner 5 and another control equipment from the control device 
7 of the air conditioning system 1, the setting control value S 
of the setting device 9, and the measured value K of the sensor 
11 at predetermined time intervals. The storage unit 15 may include 
5 a RAM capable of writing, reading and correcting data, or a storage 
device, such as a magnetic hard disk drive, or an optical disk reader 
and/or writer (CD-R or CD-RW) , in which reading and/or writing can 
be controlled under the control of the control means 21, which will 
be described later. 
10 The display unit 17 of the output device may be a CRT or a liquid 

crystal display screen capable of displaying arbitrary color 
images . 

The input device 19 comprises, for example, a keyboard input 
device, a mouse as a pointing device, and the like. 

15 The control means 21 allows the setting control value S and 

the measured value K, which are transmitted from the control device 
7 of the air conditioning system 1, to be stored in a predetermined 
storage area of the storage unit 15. In addition, when the control 
means 21 receives a date and time input value specifying an arbitrary 

20 date and time before reaching the input point from the input device 
19, the control means 21 retrieves the control operation value of 
a date and time corresponding to the specified time and date from 
the storage unit 15. At the same time, the control means 21 allows 
the control operation value to be displayed on the display unit 

25 17 of the output device as a flowchart having predetermined steps 
of an air conditioning control procedure. 

Moreover, if the control means 21 receives an error signal from 
the control device 7 of the air conditioning system 1, the control 
means 21 starts processing operation using the error signal as a 



triggering signal and displays an error message on the display unit 
17 of the output device. Also, the control means 21 can 
automatically display, on the display unit 17 in the form of a 
flowchart having predetermined steps, control histories of the 
5 point of time when the error signal is generated and of an error 
in the past similar to the present error. 

The above air conditioning control monitoring apparatus 3 
comprising the storage unit 15, the display unit 17 of the output 
device, the input device 19, and the control means 21 may use, for 

10 example, a personal computer having a hard disk drive as the storage 
unit 15, a display as the display unit 17 of the output device, 
a keyboard or a mouse as the input device 19, and a processor (CPU) 
as the control means 21. 

That is, the predetermined steps of the air conditioning 

15 control procedure can be displayed on the display unit 17 of the 
output device as a flowchart by executing the software, which is 
previously stored in the storage unit 15, using the control means 
21 . Such a flowchart may be displayed by using symbols representing 
processing, determination, input /output , and terminals that are 

20 symbols of an information processing flowchart. 

The control means 21 can simultaneously display, on one display 
screen of the display unit 17 of the output device as shown in Fig. 
1, a flowchart of the same overall system having differently 
specified dates and times or a flowchart of multiple lines having 

25 the same date and time. 

In addition, the control means 21 can simultaneously display, 
on one display screen of the display unit 17 of the output device, 
with a flowchart, data corresponding to the setting control value 
S, and measured values K obtained when the air conditioning control 



10 



(1 



was carried out according to the flowchart on a set and measured 
data display section 33 of the display screen as shown in Fig. 1 
as numerical values. 

Moreover, the control means 21 allows a transition of data 
5 corresponding to the setting control value S and the measured value 
K at the time during the air conditioning control was carried out 
according to the flowchart to be graphically displayed on a data 
display section 39 of the display screen, as shown in Fig. 4, of 
the display unit 17 of the output device. 
10 Next, an example of a facility control motoring method using 

the air conditioning control monitoring apparatus 3 having the 
aforementioned configuration will be described. 

Although this example illustrates that the control logic of 
the VAV unit is traced by using time sequential data, the flowchart 
15 displayed by the facility control monitoring method according to 
of the present invention is not limited to the present embodiment 
in terms of a specific control object, control logic, type of a 
flowchart, or data display format. 

The air conditioning control flow is displayed on the display 
20 screen shown in Fig. 1. The display screen includes a control flow 
display section 31 for displaying a flowchart, a set and measured 
data display section 33, and a trace controller 35 for setting time 
and date and subject items. 

The flowchart is displayed by connecting, through lines, 
25 symbols 37a to 37d representing processing, determination, 

input /output , and terminals to each other according to the control 
logic. 

In the related art, only the overall flowchart is displayed. 
However, in the facility control monitoring method according to 
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the present invention, an arbitrary date and time can be specified 
by means of the trace controller 35 shown in Fig. 1, so that the 
control means 21 can retrieve in setting values of control 
parameters shown in Fig. 5 and time sequential data shown in Fig. 
6 from the storage unit 15 . In addition, the control means 21 allows 
a flowchart Fl representing the present control procedure and a 
flowchart F2 representing a past control procedure to be 
simultaneously displayed on the control flow display section 31 
shown in Fig 1. Fig. 2 is an enlarged view of the flowcharts in 
Fig.l. 

In this case, the display is carried out, for example, by 
tracing specific parts of the flowcharts . That is, the traced parts 
of the flowchart can be visually distinguished by using different 
colors, fonts, or styles for the symbols and lines. For example, 
the present control history may be displayed with yellow symbols 
and black thick lines, and a control history of, for example, ten 
minutes before the present control history may be displayed with 
red symbols and red lines. In addition, measured data 
corresponding to the display time of the flowcharts shown in Fig. 
1 may be simultaneously displayed to match a time sequential graph 
41 on the data display section 39 shown in Fig. 4 so that the control 
history of the control device 7 can be recognized. 

Moreover, if a plurality of. control flows exist, a flowchart 
of the control 'logic to be traced, may be input to a control logic 
display object setting section 43 as shown in Fig. 4, thereby 
allowing selection of a flowchart. Here, the input means is not 
limited to the control logic display object setting section 43, 
but may include the trace controller 35, for example. 

In addition, the date and time when the control logic is to 



be traced can be specified on the time sequential graph of the data 
display section 39 shown in Fig. 4, as well as on the trace controller 
35 shown in Fig. 1. Moreover, the method and place for displaying 
the graph are not limited to those shown in Fig. 4. 
5 Furthermore, if the air conditioning system 1 experiences an 

error and the control means 21 receives an error signal from the 
control device 7 of the air conditioning system 1, the air 
conditioning control monitoring apparatus 3 automatically starts 
processing using the error signal as a triggering signal. That is, 

10 the air conditioning control monitoring apparatus 3 displays the 
error on the display unit 17 of the output device using the control 
means 21, and simultaneously displays control histories of the point 
of time when the error signal is generated and of an error in the 
past similar to. the present error on the display unit 17 of the 

15 output device as a flowchart having predetermined steps, as 

necessary. In this case, for example, yellow symbols and black 
thick lines may represent the control history of the present error, 
and red symbols and red lines may represent the control history 
of the past error. 

20 According to this facility control monitoring method, the 

procedure of the air conditioning control performed by the control 
device 7 is stored in the storage unit 15 and predetermined steps 
of the air conditioning control procedure at a specified date and 
time is displayed by a flowchart. Accordingly, the control logic 

25 can be visually traced. As a result, the control logic and setting 
parameters, which were previously regarded as a black box, can be 
recognized and a cause of an operation trouble caused by the control 
logic can be easily found. 

In addition, a flowchart F of the same system having differently 
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specified dates and times can be displayed on one display screen 
of the display unit 17 of the output device. When a certain room 
is abnormally subject to a high temperature condition, a flowchart 
F ' representing a past air conditioning control procedure, similar 
to the control logic of the abnormal operation, in which normal 
operation was performed, are simultaneously displayed. 
Accordingly, it is possible to compare the operation control 
procedure and measured values (results) K with each other, so the 
suitability of the control logic and the setting control values 
(setting parameters) S can be rapidly and easily determined. 

Moreover, with the flowchart, data corresponding to the 
setting control value S and the measured value K, which are obtained 
when the air conditioning control was carried out according to the 
flowchart, can be simultaneously displayed as numerical values on 
the same set and measured data display section 33 on one display 
screen of the display unit 17 of the output device. That is, the 
operation control can be visually recognized based on the flowchart, 
and, at the same time, the numerical setting parameters or results 
can be quantitatively recognized so that it is possible to precisely 
and easily trace the operation control. 

In addition, when the operation control at a certain time is 
displayed using the flowchart, a transition of data corresponding 
to the setting control value S and the measured value K at the time 
during the operation control was performed, can be displayed on 
the data display section 39 in the form of a graph. In this case, 
the graph may include a general graph, such as, for example, a line 
graph, a bar graph, or a pie chart. As a result, it is possible 
to visually recognize the transition of the setting parameter S 
and the measured value K involved in the operation control so that 



the suitability of the control logic can be rapidly and easily 
determined. 

As described above, according to the facility control 
monitoring method of the present invention, because the control 
procedure performed by the control device is stored and 
predetermined steps of the control procedure at a specified date 
and time can be displayed in the form of a flowchart, it is possible 
to visually trace the control logic. As a result, the control logic 
and setting parameters, which were previously regarded as a "black 
box" by users, can be easily recognized, thereby allowing a cause 
of an operation trouble caused by the control logic to be easily 
found. In addition, the facility control monitoring apparatus 
of the present invention includes a storage unit for storing an 
operation control value, a setting control value, and a measured 
value at predetermined intervals of time, a display device, an input 
device, and a control means for displaying predetermined steps of 
the operation control at a specified date and time as a flowchart. 
Accordingly, the operation history of a device to be controlled 
can be stored in the storage unit as the operation control value 
and an operation history at a desired date and time can be extracted 
from the stored operation history by means of the control means. 
In addition, the operation history can be displayed on the display 
device in the form of a flowchart. As a result, it is possible to 
visually trace a control logic at an arbitrary date and time. 

INDUSTRIAL APPLICABILITY 
The facility control monitoring method and facility control 
monitoring apparatus according to the present invention can be 
preferably used as a facility control monitoring method and a 



facility control monitoring apparatus for facilities for 
controlling devices to be controlled, for example, an air 
conditioner system, a refrigerator, a circulating pump or a 
generator . 



16 



